Abstract: Objective To approach the associated mechanism by which α-synuclein (α-Syn) might regulate the metabolism of dopamine. Methods A DNA fragment, located at -495 to +25 of the human tyrosine hydroxylase (TH) gene, was amplified by PCR and inserted into the pGL 3 -Basic luciferase reporter vector. The recombinant plasmid pGL 3 -THprom was transfected into a dopaminergic cell line MES23.5 or a α-Syn over-expressed MES23.5 (named MES23.5/hα-Syn + ). The promoter activity was detected by the Dual Luciferase Assay System. Results The luciferase activities in the MES23.5 cells transfected with pGL 3 -Basic, pGL 3 -THprom, and pGL 3 -Control vectors were 5.60±0.67, 26.80±4.11, and 32.90±4.75, respectively. On the other hand, the luciferase activity of pGL 3 -THprom in the MES23.5 (26.80±4.11) was significantly higher than that in the MES23.5/hα-Syn + (14.40±0.61) (P<0.01). Conclusion These results indicate that the -495 to +25 region in the TH gene possesses promoter activity for controlling the gene expression, and that α-Syn may negatively regulate the metabolism of dopamine by affecting the function of TH promoter as a trans-acting factor.
Introduction
α-Synuclein (α-Syn) is a 140-amino acid protein that is richly expressed in the central nervous system [1] . α-Syn is implicated in the pathogenesis of Parkinson's disease (PD): researches indicate that α-Syn is abundant in Lewy bodies [5, 6] , point mutations of α-Syn was found in familial autosomal dominant PD (A53T, A30P, E46K) [2] [3] [4] , and multiple copies of wild-type α-Syn were identified in some families with the disease [14] [15] [16] .
The role for a-Syn in PD is well established. However, its functions, especially the functions with regard to dopamine neurons, are still unfolding. α-Syn binds to tyrosine hydroxylase (TH), a rate-limiting enzyme in dopamine biosynthesis, and influences its activity [7] . The TH expression was greatly decreased in α-Syn-transfected dopaminergic cells [8] . These results revealed a close correlation between the function of α-Syn and dopamine metabolism.
The latest evidence that oxidative stress could induce nuclear translocation of α-Syn implied that α-Syn might participate in regulating some genes' expression [9] . Here, we construct a luciferase reporter vector with a partial region of TH promoter to explore the impact of wild-type α-Syn on TH gene expression. We discovered that the -495 to +25 region of the TH gene possessed the promoter activity for controlling the gene expression, and α-Syn may act as a trans-acting factor to inhibit the expression of TH gene in MES23.5 dopaminergic cell lines.
Materials and methods

Materials
A hybrid line MES23.5, produced by fusing rat embryonic mesencephalic dopaminergic neurons with mouse neuroblastoma-glioma cell line N18TG2. MES23.5/ hα-Syn + was obtained by stably transfected with wild-type human α-Syn gene. The two cell lines were kindly provided by the Institute of Parkinson's Disease in USA [10] . Plasmid pMD18-T, PCR Fragment Recovery Kit, DNA polymerase LA Taq, restriction enzyme SmaI and BglII were purchased from TaKaRa (Japan); pGL 3 luciferase reporter vector, phRL-TK synthetic Renilla luciferase reporter vector, and DualLuciferase Reporter Assay System were purchased from Promega; plasmid pEGFP-C1 was purchased from Clontech; Ligation High was purchased from Toyobo (Japan); Lipofectamine 2000 was purchased from Invitrogen; DMEM/F12 medium was purchased from GIBCO; G418 and Sato's ingredients were purchased from Sigma. Others were analytical reagent. , and then incubated with 20 mg SDS and 60 g/mL protease K at 55 ºC overnight. After saturated NaCl solution was added, the genome DNA was isolated by centrifugation, and purified with ethanol precipitation.
Plasmid vector
Isolation of TH Gene promoter fragment
The upstream and downstream primers were designed according to the human TH promoter region (M23597, GenBank) sequence: 5'-CAG ATG GCA CTC CTA GGA ACC AC-3' and 5'-gaagatct TCA GTG TGG AGG TCC GGG CT-3', respectively; the later was added a BglII enzyme site. Human genome DNA was used as a templet for the PCR amplification under the following conditions: 94 ºC for 30 s, 60 ºC for 30 s, 72 ºC for 60 s, and 30 cycles. The PCR products were separated by agarose gel electrophoresis. An approximately 500 bp DNA fragment was purified and cloned to pMD18-T vector.
Construction of Reporter Vector Recombinant pMD 18-T vector was incised by SmaI and
BglII. An approximately 500 bp DNA fragment was purified and inserted into plasmid pGL 3 
Results
Objective gene cloning
The -495 to +25 region in human TH gene was amplified by PCR. An approximately 500 bp DNA fragment on agarose gel ( Fig. 1) was purified, then cloned to pMD18-T vector, and subcloned to pGL 3 -Basic vector. The recombinant luciferase reporter vector 
Cell transfection
Twenty-four hours after the pEGFP-C1 was transfected, green fluorescence was observed in about 70%-80% of cells under the inverted fluorescence microscope (Fig. 2) .
Promoter activity assay of the pGL 3 -THprom
The dual luciferase activities in the MES23.5 cells transfected with pGL 3 -Basic, pGL 3 -THprom and pGL 3 -Control plasmids were 5.60±0.67, 26.80±4.11 and 32.90±4.75, respectively (Fig.  3) . On the other hand, the dual luciferase activity of pGL 3 -THprom in the MES23.5 (26.80±4.11) was significantly higher than that in the MES23.5/hα-Syn + (14.40±0.61) (P< 
Discussion
α-Syn is richly expressed in the brain. It is strongly implicated in the pathogenesis of PD, though its physiologic function is still unclear [11] . Recent studies suggest that α-Syn is implicated in the dopamine biosynthesis. For example, α-Syn binding to TH [7] could inhibit TH gene expression in dopaminergic cells [8] . The finding of nuclear translocation indicated that α-Syn might regulate the gene expression [9] . In this study, we established a reporter assay system with the -495 to +25 region of TH gene, proving that α-Syn inhibits promoter activity of TH gene in dopam- inergic cell line MES23.5. The amplified DNA fragment was approximately 500 bp (Fig 1) . Its sequence was in accordance with the -495 to +25 region in the TH gene. Though cAMP protein binding site (-33 to -40) and TATA signal (-23 to -29) present in this region, we do not know whether this region has the promoter activity. In our research, the TH gene fragment was inserted into pGL 3 -Basic to construct a luciferase reporter vector pGL 3 There are 7 836 bp in TH gene, including 13 exons and 12 introns. In prior study, a low degree of homology was observed in the sequence of TH promoters among human, mouse, and rat species [12] .
At present, the regulatory mechanism of TH gene has been investigated, though still unclear. It is reported that the CpG-rich sequence located outside the 5' promoter region of the human TH gene. Since the methylation status of CpG dinucleotides located in or near regulatory elements affects gene expression, TH gene may be expressed according to its methylation pattern [13] .
In conclusion, we confirmed that the upstream approximately 500 bp region of TH gene has the promoter activity by transfected it into MES23.5. The intimate function of other regions of TH promoter remains to be confirmed. In addition, α-Syn is richly expressed in the brain. Besides striatum and substantia nigra, cerebral cortex, hippocampus and amygdale are also rich of α-Syn. Therefore, α-Syn may also regulate other genes' expression besides TH gene. This problem will be further studied.
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